A relativistic constituent quark model is used to calculate the semileptonic beta decay of nucleons and hyperons. The parameters of the model, namely, the constituent quark mass and the confinement scale, are fixed by a previous calculation of the magnetic moments of the baryon octet within the same model. We discuss the momentum dependence of the form factors, possible configuration mixing and SU(3) symmetry breaking. We conclude that the relativistic constituent quark model is a good framework to analyze electroweak properties of the baryons.
I. INTRODUCTION
In this paper we consider the application of the relativistic constituent quark model to the semileptonic hyperon decay. We compare our result with the new data from the particle data group [1] . The predictive power of a relativistic constituent quark model formulated on the light-front was recently investigated in Ref. [2] . It provides a simple model wherein we have overall an excellent and consistent picture of the magnetic moments and of the semileptonic decays of the baryon octet. This paper extends the analysis of the semileptonic beta decays and addresses specific questions for the hyperon beta decay.
The effect of configuration mixing has recently been studied [3] in the context of deep inelastic scattering. We show below that such a configuration mixing is not favored for hyperon decays.
Our quark model provides a unique scheme for calculating the momentum dependence of the form factors. Although it is generally small, a change of the dipole masses M V or M A by ±0. 15 GeV in the case Σ − → neν causes a relative change of g 1 /f 1 of ±2%. Ignoring the momentum dependence altogether would shift g 1 /f 1 by 17%.
The SU(3) symmetry breaking can also be studied in our model. It plays a major role in the determination of the Kobayashi-Maskawa-Cabibbo matrix element V us from baryon decay.
The parameters of the model are the constituent quark mass m and the scale parameter β, which is a measure for the size of the baryon. All parameters have been determined and fixed in Ref. [2] . The results reported in this paper are independent of the wave function assumed in the calculation. It has been shown in Ref. [4] that relations between observables at zero momentum transfer are independent of the wave function, and Ref. [5] shows that this independence holds up to 1 GeV 2 for the baryons. This article is organized as follows. Section II describes the basics of hyperon semileptonic decay. In Sec. III we give a brief summary of our model as described in Ref. [2] with the explicit expressions for the beta decay. The numerical results are presented in Sec. IV, and are compared with experiment, other calculations, and some extensions of the model. We summarize our investigation in a concluding Sec. V.
II. HYPERON SEMILEPTONIC DECAY
In the low energy limit the standard model for semileptonic weak decays reduces to an effective current-current interaction Hamiltonian
is the lepton current, and
3)
is the hadronic current, and V ud , V us are the elements of the Kobayashi-Maskawa mixing matrix. The τ -lepton current cannot contribute since m τ is much too large.
The matrix elements of the hadronic current between spin- 1 2 states are
where K = p − p and M i is the mass of the initial baryon. The quantities f 1 and g 1 are the vector and axial-vector form factors, f 2 and g 2 are the weak magnetism and electric form factors and f 3 and g 3 are the induced scalar and pseudoscalar form factors, respectively. Time invariance implies real form factors. We do not calculate f 3 and g 3 since we put K + = 0 and their dependence on the decay spectra is of the order
where m l is the mass of the final charged lepton. The other form factors are
What is usually measured is the total decay rate Γ, the electron-neutrino correlation α eν and the electron α e , neutrino α ν and final baryon α B asymmetries. The e-ν correlation is defined as 8) where
π) is the number of e-ν pairs that form an angle Θ eν smaller than 90
• . The correlations α e ,α ν and α B are defined analogously with Θ e ,Θ ν and Θ B now being the angles between the e, ν, B directions and the polarization of the initial baryon.
Ignoring the lepton-mass one can calculate expressions for the measured quantities. Expressions for Γ, α eν , α e , α ν and α B are given in Ref. [6] . For the decay rate Γ we have for instance:
where β is defined as 
We get the corresponding expression for the dipole parameterization f (
by putting
These quantities are corrected by the nonvanishing lepton mass and radiative corrections [6] [7] [8] .
III. THE FORM FACTORS IN A RELATIVISTIC CONSTITUENT QUARK MODEL
The constituent quark model described in Ref.
[2] provides a framework for representing the general structure of the three-quark wave function for baryons. The model is formulated on the light-front, which is specified by the invariant hypersurface
The wave function is constructed as the product of a momentum wave function, which is spherically symmetric and invariant under permutations, and a spin-isospin wave function, which is uniquely determined by SU(6) symmetry requirements. A Wigner (Melosh) rotation [9] is applied to the spinors, so that the wave function of the proton is an eigenfunction of J 2 and J z in its rest frame [10] . To represent the range of uncertainty in the possible form of the momentum wave function, harmonic oscillator and a pole-type wave function have been chosen in Refs. [2, 4, 5] . Surprisingly, it has been found that observables at zero momentum transfer are independent of the wave function chosen [4] , and form factors do not differ up to 1 GeV 2 [5] for a wide range of wave functions. Since the momentum transfer involved in hyperon beta decays is much smaller than 1 GeV 2 it is representative to use one special wave function. The form factors in Eq. 2.7 are calculated as shown in Ref. [2] . In contrast to Ref. [2] , we do not assume additional structure of the constituent quarks, and we choose symmetric wave functions. These simplifications reduce the number of free parameters to two masses (m u/d , m s ) and three scale parameters (β N , β Σ/Λ , β Ξ ).
For K 2 = 0 we have for ∆S = 0 transitions
with As given in Table I . The values A(f 1 ) and A(g 1 ) are the values in the nonrelativistic quark model. The factors A 1 , A 2 , and A 3 are given in Eq. (3.6) of Ref. [11] . The ∆S = 1 transitions for K 2 = 0 are
The B i for the different decays are given in Table II [12] . Since (a − a) ∼ ∆m and (b − b) ∼ ∆m the symmetry breaking for f 1 is of the order (∆m) 2 whereas it is of the order ∆m for g 1 owing to the term containing B 6 . In addition to Ademollo-Gatto we see that the symmetry breaking for g 1 (Λ → p) is also of second order.
The full formulae for K 2 ≤ 0 are longer than the ones for K 2 = 0; they are given in Ref. [13] .
IV. NUMERICAL RESULTS
The form factors can be determined by the generalization of Eqs. (3.1) and (3.2). With the parameterization of the form factor f (K 2 ):
we get the result shown in Tables III and IV together with the rates, angular correlation and asymmetries. The parameters Λ n are determined by the calculation of the appropriate derivatives of f (K 2 ) at K 2 = 0. The rates have been corrected taking into account the nonvanishing lepton mass and radiative corrections.
In this paper, we use the parameter set 2 of Ref [2] . The values for the constituent quark masses and the confinement scales are
These parameters also give good results for the magnetic moments of the baryon octet [2] .
A. The rates, f 1 (0), and g 1 (0)
The largest discrepancy between theory and experiments comes from the rates and g 1 /f 1 for the processes Λ → pe e . By changing the axial couplings of the quarks, i.e. g 1us 0.9, we could improve the rates of both reactions, but the ratios g 1 /f 1 clearly force us to use g 1us = 1. Another modification could be the Λ − Σ 0 -mixing, which was considered in Ref. [14] . Let us write
A reasonable value for the mixing angle is φ = −0.015 [14] which lies within one standard deviation of experiment [15] . The decay rate and the ratio g 1 /f 1 are only modified by some percent with this mixing angle, not helping the disagreement between theory and experiment. This inconsistency of our values is a general feature of quark models with a SU(6) flavorspin symmetry [16] . The ratio g 1 /f 1 can generally be written as
where (g 1 /f 1 ) non-rel is the non-relativistic value. The quantity ρ is a relativistic suppression factor due to the " small " components in the quark spinors (in the bag-model) or due to the Melosh-transformation (in our model). The quantity η is an enhancing factor due to SU(3) symmetry breaking in ∆S = 1 transitions. From Tables III and IV we see that ρ 0.73 − 0.76 [4] depending on the strangeness content of the wave functions and η 1.11. This simple estimate shows that every quark model is a priori constrained to
in contrast to the experimental value −2.11 ± 0.15 for g 2 = 0. This puzzle was pointed out independently by Lipkin [17] and the author [13] . For g 2 = 0 it is measured that [18] 
and [19] 
which will bring the data closer to −3, but in our model g 2 /g 1 0.025 which is much too small to remove the discrepancy.
B. Configuration mixing
In this Section we investigate the effect caused by configuration mixing suggested by spectroscopy. The analysis of the ∆-nucleon mass splitting suggests [20, 21] Unfortunately, the mixing configuration does not improve the fit, it is even worse for the crucial ratio in Eq. (4.4). A rough estimate gives 8) to be compared with the value −3 for no mixing, and the experimental data −2.11 ± 0.15. Other values like the ratio µ(p)/µ(n) also get worse with the configuration mixing suggested in Eq. 4.7. A configuration mixing has recently been suggested in the context of deep inelastic scattering [3] . Equation 4.8 shows that such a possibility is not favored for hyperon decays.
C. The form factors f 2 (0) and g 2 (0)
Our model agrees with the conserved vector current (CVC) hypothesis. The deviations have the same origin as the too small neutron magnetic moment [2] since f 2 and the magnetic moments have similar analytic forms. The experimental situation is not yet clear, some experiments favor [19] and some disfavor [22] CVC.
For ∆S = 1 transitions the prediction of g 2 /g 1 for nonrelativistic quark models is ∼ 0.37 and for the bag model ∼ 0.15 [23] . Our model gives also a constant value
For ∆S = 0 transitions we get Experiments also find a vanishing or small g 2 [6] . With CVC and the absence of g 2 we reach the same conclusion that was reached in nuclear physics.
D. K 2 -dependence of the form factors
Tables III and IV suggest that the form factor of Eq. (4.1) can be approximated by the dipole form
(4.11)
The axial vector form factor g 1 for the neutron decay gives a value M A = Λ 2 = 1.04 GeV compared to the experimental value M A = (1.00 ± 0.04) GeV [24, 25] . If we take the dipole Ansatz we can compare our values for M V and M A with the results of other work (see Table VI ).
The contribution of M V and M A to the rate and to x = g 1 /f 1 to first order is
which shows that our parameters give for the decay Σ − → ne −ν e a 0.3% larger rate and a 4% smaller g 1 /f 1 than with the parameters of Gaillard et al. that are often used for the experimental analysis. Although this does not explain the inconsistency of the data with our calculation, it shows that future high-statistics experiments should pay more attention to M V and M A in analyzing g 1 /f 1 .
E. SU(3) symmetry breaking
There are some questions concerning flavor SU(3) breaking in semileptonic weak hyperon decays [26] [27] [28] . In a recent, careful analysis Ref. [29] shows that there is both consistency and evidence for SU(3) breaking. The SU(3) symmetry breaking for f 1 and g 1 within our model is given in Tables VII and VIII, respectively. It originates from the mass difference ∆m = m s − m u/d ; and it is included to all orders of ∆m in our approach. The values in the present model are similar to the bag model calculation of Ref. [23] . Note that the center of mass corrections are already included in our formalism. Reference [30] suggests that f 1 /f SU(3) 1 > 1 to reconcile the value for V us for both the K l3 and hyperon decays. In our approach we find f 1 /f SU(3) 1 < 1 since the wave function overlap is smaller for ∆m = 0. In order to determine the Kobayashi-Maskawa-Cabibbo matrix element V us we can fit the hyperon decay rate and asymmetries within the Cabibbo model using the f 1 and g 1 from Tables VII and VIII, and using the dipole masses from Table VI. We get a value similar to Ref. [30] V us = 0.225 ± 0.003 [13] . (4.13) This has to be compared to the value from K e3 which is 0.2196 ± 0.0023 [31] . A discussion about this discrepancy can be found in Ref. [30] . Note that the matrix element V us is a crucial input for the determination of all parameters of the CKM matrix in the framework proposed in Ref. [32] .
V. CONCLUSIONS
In this paper we have analyzed in detail the semileptonic beta decay of the nucleons and hyperons within a relativistic constituent quark model. All parameters of the model have previously been determined by a fit to the magnetic moments of the baryon octet. We see no evidence for configuration mixing. The momentum dependence of the form factors has been calculated and we find some deviation from popular parameterizations. The SU(3) symmetry breaking for the vector and axial form factors is determined. We find that the symmetry breaking for g 1 (Λ → p) is of second order. Our value for V us is somehow larger than the K e3 one in agreement with other studies [29, 30] . We conclude that our relativistic constituent quark model does a good job in analyzing the electroweak properties of the baryon octet. Λp − TABLE III. Results for ∆S = 0 weak beta decay. Experimental data are from PDG [1] . 
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